Abstract: Simultaneous determination of V(IV) and V(V) was performed when the calibration matrix was obtained using beta-corrected spectral data. The method is based on the reaction between V(IV) and V(V) and 4-(2-pyridylazo)-resorcinol (PAR) as a ligand at pH 6. Using β-correction technique true absorbance of chelate produced can be calculated because the quantity of absorbance, which has related to the fraction of reagent that reacted with metal ion and has been subtracted when reagent applied as reference by this correction has compensated. The parameters controlling behavior of the system were investigated and optimum conditions selected. Calibration model was constructed based on absorption spectra in the 540-600 nm range for 25 different mixtures of V(IV) and V(V) in the concentration ranges of 0.10-4.00 µgmL −1 of V(IV) and 0.10-5.00 µgmL −1 of V(V). Applying this method to the analysis of mixtures of V(IV) and V(V) in waste water and soil samples with total relative standard error of less than 4.3% validated the proposed method.
Introduction
In recent years, increasing attention has been focused on pollution of the environment. Particular attention is being paid to the heavy metals, because of their irreversible effects on health. The determination of vanadium has received extensive attention because of its increasing importance in biological and environmental studies. Vanadium is one of the most important heavy metal pollutants. Its compounds can be highly toxic to human and animals and cause serious diseases. The industrial use of vanadium is widespread in the industry, catalyst industry, ceramic and electronic equipment. This element in trace amounts is an essential element for cell growth at µg L -1 level, but can be toxic at higher concentrations. The toxicity of vanadium is dependent on its oxidation state [1] [2] [3] [4] .
V(V) is more toxic than other species but in many cases real samples contain both V(IV) and V(V). It has been noted that the environmental background levels of vanadium have been slowly rising because of the combustion of fossil fuels and marine products. Unlike organic pollutants, vanadium is not biodegradable and it may build up in certain ecosystems to the level, which may be toxic to living organisms [5] [6] . Therefore, it is necessary to develop simple, sensitive, selective and rapid methods for speciation and quantitative determination of V(IV) and V(V) in real samples and it is an attractive topics for many researchers [7] [8] [9] [10] [11] [12] [13] [14] .
The quantification of multiple analytes in the same sample has developed into one of most interesting fields in chemical analysis and requires reliable and quick analytical methods. In this respect, the uses of multivariate calibration methods have grown rapidly and gaining popularity in the determination of metal concentrations in complex mixtures. The application of multivariate calibration techniques has resulted in improved applicability, precision and accuracy in multicomponent spectral analysis, even in cases where there is a considerable overlap of spectral features [15] [16] [17] [18] . Data collected from complicated samples or in complicated processes contains variation from many sources and of several types. Preprocessing methods can be applied in such situations to enhance the relevant information to make resulting models simpler and easier to interpret. β-Correction spectrophotometery is applicable where both reagent and its complex with metal ion exhibit chromophoric properties [19] [20] [21] [22] [23] . This method is a dual-wavelength technique for determination of trace metals, which is different from ordinary spectrophotometry because it may eliminate the interference of excess of chromomeric reagent from its metal-colored solution to give the real absorbance of the chelate formed. Then the sensitivity, precision and accuracy by the dual-wavelength β-correction method are all higher than those for the ordinary one. This is a novel method that used the power of PLS in noise reduction in one hand and the ability of correction method to remove the ligand contribution absorbance in the metal ion complexes. Generally the presence of the ligand absorbance in the spectral range of the complex increases the number of principle components needed to model the absorbance variation in the data matrix. But an application of correction method before applying PLS modeling drastically reduce the number of the principle components and hence reduces the complexity of the system. This is of interest for lower errors in the prediction steps of the analysis.
Simultaneous quantitative analysis of V(IV) and V(V) in the same sample is difficult to perform by classical spectrophotometric method due to overlapping spectra. Current efforts toward the development of new methods are focused primarily on increasing sensitivity and selectivity of the detection methods and simplifying the procedure by eliminating treatment and sampling steps. In this paper, a UV-vis specrtophotometric method is proposed for simultaneous determination of V(IV) and V(V) in real samples by β-correction technique true absorbance of chelate produced can be calculated and partial least squares (PLS) method can be used for the resolution of overlapping signals without prior separation. The method is based on the reaction between V(IV) and V(V) and PAR ( Figure 1 ) at pH 6.
β-Correction theory
In order to consider the general principle of β-correction spectrophotometry, the reaction of metal (M) with a colorant (L) can be expressed as follow [24] [25] 
Here, the term A β was named β-correction absorbance, which was proportional to metal concentration. ∆A and ∆A' are the absorbances of the reacted solution between M and L at wavelengths λ 1 and λ 2 against the reagent blank, respectively. The coefficients α and β are named correction factors and they can be obtained as follows:
The terms ε MLγ λ1 , ε MLγ λ2 , ε L λ1 and ε L λ2 are the molar absorbtivities of MLγ and L at wavelengths λ 1 and λ 2 , respectively. λ 1 is absorption peak of reagent and λ 2 that of complex (λ max ). In fact with the help of β-correction technique true absorbance of chelate produced can be calculated because the quantity of absorbance, which has related to the fraction of reagent that reacted with metal ion and has been subtracted when reagent applied as reference by this correction has compensated.
β-Correction multicomponent determination
β-correction method can also apply to spectra of mixtures 26 . In a mixture, each of the metal will form a color complex with ligand and the fractional absorbance of each color compound can be calculated by the following correction equation. 
Experimental
UV Vis absorption spectra were recorded on a spectrophotometer model Citra 5, which equipped with a 1.00 cm path length quartz cells. Measurements of pH were made with a metrohm 780 pH meter using a combined glass electrode. PLS algorithm was performed using chemometrics toolbox of MATLAB (version 6.12, Math Work, Inc.).
Reagents and solutions
All chemicals were of analytical reagent grade and were used directly without further purification (all from Merck). Triply distilled water was used to prepare buffer and reagent solutions. Stock solutions (200 µgmL −1 ) of V(IV) and V(V) were prepared by dissolving 0.076 g of VOSO 4 . H 2 O and 0.045 g of NH 4 VO 3 in distilled water and diluting to 100 mL with distilled water. PAR solution (5×10 −3 M) was prepared by dissolving appropriate amount of the powder in distilled water and diluting with distilled water to 100 mL. An acetate buffer (pH 6, 0.1 M of acetic acid) was also prepared.
Sampling and preparation of wastewater samples
Water samples were collected from wastewater from petrochemical industries. Each filtered environmental water sample (1000 mL) was evaporated nearly to dryness with a mixture of 1 mL of concentrated H 2 SO 4 and 5 mL of concentration HNO 3 in a fume cupboard and was then heated with 10 mL of de-ionized water in order to dissolve the salts. The solution was then cooled and neutralized. The resulting solution was then quantitatively transferred into a 25 mL calibrated flask and made up to the mark with de-ionized water. An aliquot 1 mL of this preconcentrated water sample was pipetted into a 10 mL calibrated flask and the vanadium content was determined as proposed procedure.
Sampling and preparation of soil samples
Approximately 0.25 g of soil from petrochemical industries field was first dissolved in a 10:1 mixture of concentrated HF (5 mL) and concentrated H 2 SO 4 (0.5 mL) and heated till near dryness. Furthermore, 1 mL concentrated HClO 4 and 2 mL concentrated HF were added and again the mixture was heated to near dryness. Finally, 1 mL concentrated HClO 4 was added and the sample was evaporated until the appearance of white fumes. The residue was then dissolved in 5 mL of 6 M HCl and diluted to 50.0 mL with deionized water.
Analytical procedure
To a series of 10 mL volumetric flasks, 4 mL of PAR (0.005 M) was added, to obtain a final concentration of 2×10 −3 M. Three milliliters of buffer solution (pH =6) then an appropriate amount of each metal ion containing 10-40 µg of V(IV) and 10-50 µg of V(V) were added and the solutions were made up to the mark with distilled water. Excess concentration of reagent has been applied to ensure quantitative formation of the complexes in the whole range of determination. The spectral corrected data obtained by proposed method were processed by PLS algorithm for simultaneous determination of V(IV) and V(V) ions.
Results and Discussion
Assay conditions such as pH and mole ratios were investigated for optimization. The pH of working solutions is an important analytical factor for spectrophotometric simultaneous determination of metal ions to improve sensitivity and also to provide less spectral overlapping. The influence of pH on the spectrum of each complex at a constant concentration of metal ion was studied from pH 2-9 ( Figure 2) . The reaction between V(IV) and V(V) with PAR was sensitive at pH 6, at which the absorbances for both of the complexes were high while the absorbance of PAR was low and spectra overlapping is minimum. Therefore, pH 6 was selected as the optimum value. The effect of time on the completeness of reaction was studied. The two reactions formation for V(IV)-PAR and V(V)-PAR complexes, were completed after mixing at room temperature. 
Absorption spectra
The absorption spectra of free PAR and its complexes with V(IV) and V(V) were recorded at pH 6 and shown in Figure 3 . In this Figure the interference of reagent spectra on the spectrum of both complexes is obvious. Because of the spectral overlapping of V (IV)-PAR and V(V)-PAR complexes, it is difficult by conventional method to obtain an accurate measurement of each of the ions in mixtures. The reaction between V(IV) and V(V) with PAR was sensitive at pH 6, over this condition absorption peak of the V(IV)-PAR complex was located at 555 nm and that of V(V)-PAR complex at 560 nm (against reagent blank reference), but that of PAR at 525 nm. These three wavelengths, such that the positive and negative absorbances approach the maximum, were selected for correction coefficients. From curve "a", the correction coefficient was calculated to be β = 0.84 at 555 nm and β = 0.417 at 560 nm and from curves "b" and "c", the correction coefficients were calculated to be α 555 = 1.07 and α 560 = 0.726 for V(IV) and V(V), respectively. β-Corrected absorbances were calculated using these coefficients and Eqs. (1) and (2) .
Individual determination
Over this condition absorption to find the linear dynamic range of each component, individual calibration graph were obtained. The absorption spectra were recorded over 540-600 at 1 nm intervals against a reagent blank. This spectral region was selected for analysis, because this is the zone with the maximum spectral information from the mixture components of interest. Under optimum conditions, linear range for each metal ion was determined by plotting the absorbances at its λ max versus sample concentration. Linear equations are A = 0. 
Design of input matrix
The first step in simultaneous determination of different species by multivariate methods involves constructing the calibration set for binary mixtures of them. In this work, we performed the calibration with the β-correction data. The multivariate calibration requires a careful experimental design of the standard composition of calibration set to provide the best predictions. In order to select the mixtures that provide more information using a few experimental trials from calibration set, the training matrix was constructed as a full factorial design in the variables that spanned the investigated calibration space. Five level were chosen for each of component concentration in a full factorial design 27 and 5 2 objects were obtained in the assigned matrix (Table 1) . Twenty-five binary mixtures were selected as the calibration set. Table 1 . Concentration of the calibration set for binary mixtures of V(IV) and V(V) µgmL Training set of V(IV) and V(V) ions in calibration set were between 0.1-4.0 µg.mL -1 of V(IV) and 0.11-5.0 µg.mL -1 of V(V). In order to constructed PLS model a prediction set was prepared involve 20 synthetic test samples. The prediction set was randomly designed. Calibration set and prediction sets were used for construction of PLS model and the independent validation set was used to evaluate the quality of the model. 
Data processing and model building
The PLS technique is a typical full-spectrum method, more powerful than the ones based on measurement at only one wavelength such as direct spectrophotometry, because the simultaneous inclusion of multiple spectral intensities can greatly improve the precision and applicability of quantitative spectral analysis of mixtures. This method is very useful in the resolution of overlapping signals.
The concentration ranges for simultaneous determination were chosen so that the absorbances obtained for all standard solutions were not greater than 2.0. So training set of V(IV) and V(V) ions in calibration set were between 0.10 and 4.00 µgmL −1 of V(V) and 0.10 and 5.00 µgmL −1 of V(V). Data matrix was constructed with a group of wavelengths includes absorbances in the range of 540-600 nm which is included λ max of both V(IV) and V(V) and a second group which contain just λ max of ligand that is fixed in all calculations. These groups are shown in Figure 3 . Correction coefficients and correction factors were calculated at these wavelengths. Then the values of β-corrected absorbances, A β , were calculated using these coefficients and Eqs. (1) and (2) . Finally, data matrix was constructed using these spectral correction data and Eqs. (5) and (6) . β-Correction technique is used as preprocessing step on conventional spectral data in a constant λ 0 which is λ max of ligand for all wavelengths in the first selected group λ i varied and spectral correction matrix was established. Finally the digitized absorbance of calibration mixtures was gathered in a 25×60 data matrix (Y) and absorbances of prediction matrix were collected in a 20×60 data matrix (Y un ). Also a vector of concentration of each species was made (c) contain concentration of V(IV) or V(V) in binary mixtures of calibration and prediction set.
The selection of the number of factors used in the calibration with PLS is very important for achieving the best prediction. As a first approach, the number of factors was estimated by cross-validation method, leaving out one sample at a time and plotting the prediction residual sum of squares (PRESS) versus the number of factors for each individual component. A PRESS value for each number of factors was calculated by comparing the predicted concentration of compounds in each sample with known concentration of compounds in standard solutions. The PRESS values provide a measure of how well the training set is predicting the concentration for each number of factors. For finding best model with fewest numbers of factors, the F-statistic was used to carry out the significance determination 28 . In this way, 4 and 3 factors were selected as optimum for V(IV) and V(V) respectively in Figure 4 . 
Application to the real samples
In order to test the applicability in the presence of matrix interference the proposed method was applied in a variety of matrix compositions. V(IV) and V(V) were added to soil and waste water samples which showed negative test for vanadium. Several spiked samples were prepared by adding aliquots of V(IV) and V(V) solutions to industrial waste water and soil sample and effect of matrix and interfering ions were investigated. The results of prediction are summarized in Table 4 . The good agreement between these results and known values indicates the successful applicability of proposed method for simultaneous determination of V(IV) and V(V) in real samples. Table 4 . Estimated and actual concentration of V(IV) and V(V) in environmental water samples Added, µg mL −1 Found, µg mL Interference study
The influence of various species on the absorbance of a solution mixture containing 4 µg.mL -1 of V(IV) and 4 µg.mL -1 of V(V) was investigated. An ion was considered as interference when its presence produced a variation in the absorbance of the sample greater than 5%. This increment of absorbance was evaluated at two wavelengths, 555 and 560 (corresponding to the maximum absorption of V(IV) and V(V) complexes, respectively), in order to establish the different effects of the interfering ions on each analyte. did not interfere at concentrations 50 times higher than those of the analytes. Fe(III) showed interference for both analytes at concentrations 20 times higher than that of analyte. Fe(III) ion could easily be masked by sodium dithionite.
Conclusion
Application of PLS method on the β-corrected date for simultaneous determination of V(IV) and V(V) as a complex system with high overlapping is an effective and accurate way. PLS modeling using a calibration matrix constructed with β-correction absorption has been successfully applied to simultaneous analysis of these metal ions in real samples. There is no need to know the exact form of the analytical function on which the model should be built also it requires no complex pretreatment or chromatographic separations of the samples containing analytes. This technique is simple, fast and affordable with high sensitivity, precision and accuracy for simultaneous determination of V(IV) and V(V).
